rial:fungal ratios associated with macroaggregates than microaggregates (Gupta and Germida, 1988; Singh and Microorganisms and their activities can be heterogeneously distrib- Singh, 1995; In addition to differences in fungal and bacterial progreatest in July compared with other sampling dates. Cover crop residues enhanced MB C , respiration, and N mineralization in whole portions, overall biomass and activity of soil microorsoils and aggregates, and shifted microbial community FAME profiles.
uted among soil aggregates, and their distribution may change in response to management practices that affect aggregate formation.
phae, but not spores, are restricted from the interparticle In this study, aggregates of a winter fallow and winter cover-cropped spaces of microaggregates (Monreal and Kodama, soil were analyzed over time for microbial biomass (MB C ), respiration, 1997), whereas bacteria may survive longer in the and N mineralization potential. Communities were characterized smaller pores of microaggregates by escaping predators across aggregate sizes according to their extractable fatty acid methyl (Heijnen et al., 1991) . Alternatively, bacteria are more whereas fungal hyphae enmesh microaggregates to form mm) declined from March to August, whereas the percentage of 0.25-larger aggregates (Tisdall and Oades, 1982) . In addition to differences in fungal and bacterial progreatest in July compared with other sampling dates. Cover crop residues enhanced MB C , respiration, and N mineralization in whole portions, overall biomass and activity of soil microorsoils and aggregates, and shifted microbial community FAME profiles.
ganisms can vary among aggregates. Gupta and Ger- only do microbial mineralization and enzyme activities vary among different sizes of soil aggregates, but that activities among aggregates change over time. For exam-T here is much interest in relating soil microorganple, in June, N mineralization in one Oregon soil was isms to their physical environment so that habitat greatest in the 2.0-to 5.0-and Ͻ0.25-mm aggregate size influences on communities and functional processes can classes, but in September the rate was highest in the be better understood. One area of interest is the soil 1.0-to 2.0-mm aggregates (Mendes et al., 1999) . aggregate, which represents an ecological niche whose Another factor that may affect microbial distribution chemical and physical properties may contribute to the patterns across soil aggregates is the presence of a winter heterogenous distribution of microorganisms among agcover crop. In Oregon's Willamette Valley, winter cover gregates of different sizes. For example, microbial districrops often are grown as a means for capturing leachable bution patterns may be influenced by pore sizes associnutrients and preventing soil erosion during the rainy ated with particular aggregates, or by differences in clay winter months (Burket et al., 1997) . By providing greater and organic C content of aggregate size classes (Van root activity and C inputs, cover crops improve soil Gestel et al., 1996) . aggregation and maintain organic C pools compared Studies have shown that proportions of fungi and with conventionally managed (winter fallow) soil (Miller bacteria differ among aggregate sizes, with lower bacteand Dick, 1995) . In addition, the distribution of microbial biomass and activity could be affected by winter cover crops, if microbes within a particular aggregate Mendes and Bottomley, 1998) have demonstrated that populations can differ among aggregate After sampling, large soil clods were gently broken by hand, and then soils were laid out between sheets of brown paper sizes, which suggests community structure is heterogeto dry slowly for several days. This process was conducted at nously distributed. A study of the catabolic potential of 4ЊC to minimize the impact of air drying on microbial commumicrobial communities in a cultivated soil found no efnities and activities. Soils were allowed to dry until a gravimetfect of aggregate size on bacterial diversity (Lupwayi et properties.
Soil Chemical and Physical Analyses MATERIALS AND METHODS
Samples of whole soils and aggregates from the coverExperimental Site and Soil Sampling cropped and fallow plots were air-dried and ground to pass Our study was conducted with soil from the Oregon State a 150-m (100-mesh) sieve for C and N analyses. Total organic University Vegetable Research Station (Corvallis, OR). The carbon (TOC) of whole soils and aggregates was measured soil at this site is a Chehalis silt loam (fine-silty, mixed, mesic by combustion to CO 2 with a Leco C analyzer (model WR12, Cumulic Ultic Halpoxeroll) with 260 g kg Ϫ1 clay, 520 g kg
Ϫ1
St. Joseph, MI). Total Kjeldahl N (TKN) (organic N and silt, and a soil pH (1:2 soil:water) of 5.9. The experimental NH ϩ 4 ) of aggregates and whole soils was determined following design is a randomized complete block with four replicate the method of Bremner and Mulvaney (1982) . Particle size blocks. Each block consists of two treatments (30-by 60-m analysis was conducted on three aggregate fractions (1.0-2.0, plots), which are (i) summer vegetable-winter cover crop and 0.25-0.5, and Ͻ0.1 mm) by the Central Analytical Laboratory (ii) summer vegetable-winter fallow rotation. Treatments were (Oregon State University, Corvallis, OR). The method of Gee established in 1993. Winter cover crops were planted after and Bauder (1986) with pretreatment for organic matter reharvest of the summer vegetable crop and incorporated into moval was followed. Soil texture was found to be constant soil the following spring. In the fall of 1997, a mixture of gray among aggregate size fractions. Clay contents were 279 g kg Ϫ1 oat (Avena sativa L.) and common vetch (Vicia sativa L.)
for the 1.0-to 2.0-mm fraction, 284 g kg Ϫ1 for the 0.25-to 0.5-were planted as the winter cover crop. Green bean (Phaseolus mm fraction, and 251 g kg Ϫ1 for aggregates Ͻ0.1 mm in size. vulgaris L.) were planted as the summer vegetable crop in Corresponding values for silt content were 626, 617, and 652 1998, followed by winter wheat as the cover crop from fall g kg Ϫ1 . Because there were no significant differences in sand, 1998 to spring 1999. silt, or clay content among aggregates, a sand-free aggregate Soil was collected from each plot during the course of a weight was not used to normalize data from microbiological growing season. The first sampling was in March 1998, 1 wk assays. prior to the termination of the oat-vetch cover crop. Soil was collected again in July 1998, which corresponded to canopy
Microbiological Analyses
closure of summer vegetable crop (green beans). For green bean, canopy closure was at the two-trifoliate leaf stage and Prior to microbiological analyses, 50-g samples of whole soil and aggregates were moistened with distilled water until occurred approximately 6 wk after planting. The third sampling occurred in August 1998, 1 wk prior to harvest of the a water content of 205 g kg Ϫ1 (two-thirds field capacity) was obtained. Samples then were allowed to equilibrate for 4 d in data were treated as a split-plot design, with aggregate size as the subplot. When the sphericity test failed, significance the dark at 25ЊC. MB C of whole soils and aggregates was determined by the levels were determined by means of the Huynh and Feldt epsilon adjustment (Huynh and Feldt, 1976) . To assess effects fumigation-incubation method of Jenkinson and Powlson (1976) . Premoistened soil (10 g) was fumigated with chloroof sampling date, the data were analyzed by a two-factor repeated measures analysis of variance. Repeated terms were form for 24 h. After fumigation, soils were incubated for 10 d at 25ЊC in acrylic tubes stoppered with rubber septa. The tube sampling date (four levels) and aggregate size (seven levels).
Protected LSD values were calculated to separated means at headspace was sampled for CO 2 , which was analyzed by gas chromatography (Carle Series 100 AGC, Loveland, CO). A the level of P Ͻ 0.05. Principal components analysis (PCA) was performed on k C of 0.41 (Voroney and Paul, 1984) was used to calculate MB C without the substraction of a nonfumigated control.
community FAME or Biolog data to characterize microbial communities from different sampling dates, cover crop treatMicrobial respiration was calculated from the amount of CO 2 -C evolved from 10 g of nonfumigated soil, which was ments, and aggregate size classes. Canonical discriminant analysis (CDA) also was performed on FAME and Biolog commuincubated in septa-stoppered acrylic tubes for 10 d at 25ЊC. The headspace was sampled and analyzed for CO 2 as described nity data for the purpose of classifying community structure or substrate utilization potential according to aggregate size above. Nitrogen mineralization potential was determined by class. A stepwise selection procedure was performed first to the anaerobic production of NH ϩ 4 as described by Bundy and identify the best FAME or Biolog substrate discriminators of Meisinger (1994). aggregate size, followed by canonical discriminant analysis Community FAME profiles of whole soils and aggregates to identify linear functions that provide for the maximum were determined by the ester-linked method (Schutter and separation among aggregate size classes. In addition, simple Dick, 2000). Three grams of soil were added to 35-mL glass correlation analysis was used to calculate correlation coefficentrifuge tubes and mixed with 15 mL of 0.2 M KOH in cients between soil properties, activities, and soil community methanol. Soils were incubated at 37ЊC for 1 h with periodic positions on axes from PCA and canonical discriminant plots. vortexing. Next, 3 mL of 1.0 M acetic acid were added to neutralize the pH of the tube contents. Extracted FAMEs were partitioned into an organic phase by adding 10 mL of the FAME is given after the colon. The cis and trans conformaLevels of TOC did not change significantly over the tions are designated with suffixes ''c'' and ''t'', respectively. course of the growing season, nor did levels differ among Other notations are ''Me'' for methyl, ''OH'' for hydroxy, size classes of soil aggregates (data not shown). Al-''cy'' for cyclopropane, and the prefixes ''i'' and ''a'' for isothough TOC was not significantly affected by winter and anteiso-branched FAMEs, respectively. cover cropping, there was a trend in July 1998 for higher levels in cover-cropped soil compared with fallow soil for all sampling dates except March 1999 (Table 1) . In March 1998, MB C was highest in the 0.5-to 1.0-mm in July and August 1998 (Table 1) . Sampling date and the interaction between date and cover cropping treataggregate size class for both cover-cropped and fallow treatments. In July 1998, MB C increased in the smallest ment also were significant factors affecting MB C . Although MB C tended to decline after March 1998, bioaggregate size class for the fallow soil, but did not differ significantly among aggregates in the cover-cropped mass levels were maintained and even stimulated in cover-cropped soil in July and August 1998. In addition, soil. For each aggregate size class in July 1998, MB C was significantly higher in cover-cropped soil compared with MB C differed significantly among aggregate size classes Mineralization was greatest in the intermediate size fallow soil. A similar trend occurred in August 1998, fraction (0.5-1.0 mm) for fallow soils in March 1998, with higher MB C in cover-cropped soil in each aggregate but at other sampling dates, N mineralization was also size class. The effect of aggregate size was significant high in the smaller aggregate size classes. As with microat this sampling date as well, with the lowest levels of bial respiration, N mineralization potential was greatest MB C occurring in 2.0-to 5.0-mm aggregate size class for in aggregates from the cover-cropped treatment comboth treatments.
pared with the fallow in July and August 1998.
Microbial Respiration and Nitrogen Mineralization
Microbial Community FAME Profiles A total of 46 different FAMEs were extracted from For July and August sampling dates, microbial respiration in whole soil was significantly greater in winter coverthe soil aggregates over the course of the study; multivariate statistical analyses were performed on the 34 cropped treatment compared with the fallow treatment ( Table 2) . Microbial respiration also changed signifiFAMEs that were present in soil at all sampling dates. Principal components analysis was performed on comcantly over time, with lower respiration activities in the July and August sampling dates compared with March munity FAME data, expressed as relative percentages, from all sampling dates and aggregates to determine 1998. In addition, microbial respiration varied significantly among aggregate size classes at all sampling dates the overall effects of sampling date, winter cover cropping, and aggregate size on microbial community struc- (Table 2) . In March 1998, respiration was greater in the intermediate sizes of aggregates (0.5-1.0 and 0.25-0.5 ture (Fig. 2) . For simplification, community PC scores were averaged across aggregates within each cover crop mm). In July and August, there was a shift towards greater activity in the smaller aggregate size classes, with treatment ϫ sampling date combination in Fig. 2A , and across sampling date within each cover crop treatment ϫ greatest activities in the Ͻ0.10-mm fraction occurring in July 1998. In addition, microbial respiration was greater aggregate size combination in Fig. 2B . According to the analysis, community FAME profiles were influenced in aggregates of cover-cropped plots than in the fallow plots at the July and August sampling dates. This trend more strongly by sampling date and cover crop treatment rather than aggregate size. Community FAME continued in March 1999 (P ϭ 0.08).
Trends of N mineralization potential in whole soils profiles are separated according to sampling date on PC 1 of Fig. 2A , while shifts in communities in response and aggregates were similar to those of microbial respiration. At all sampling dates except March, N mineralto cover crops are distinguished on PC 2 ( Fig. 2A and  2B ). On the basis of eigenvector loadings, microbial ization potential of whole soils was significantly greater in cover-cropped than in fallow plots (Table 2) . Impacts communities in March contained greater amounts of saturated (15:0 and 17:0) and unsaturated FAMEs of sampling date were significant as well, with greater net N mineralization occurring in spring than in the (16:19c, 18:36c, and 20:46c) compared with communities in August, which were elevated in branched summer. Mineralization potentials also differed across aggregate size classes for all sampling dates except FAMEs (i15:0, a15:0, i17:0, and a17:0), 10Me18:0, 17:0 cy, and 19:0 cy. Differences between communities from March 1999. In general, N mineralization was lowest in the two largest aggregate sizes (1.0-2.0 and 2.0-5.0 mm).
winter-fallow and cover-cropped soil were mainly due to elevated amounts of 16:0, 18:0, 18:19c, and 18:26c on community structure relative to sampling date and cover crop treatment, CDA was performed to discrimiin the fallow treatment versus greater amounts of i14: 0, i15:1, i16:1, 16:15c, 16:19c, 18 :17c/9t/12t, and a17: nate among microbial community FAME structure by aggregate size classes. To simplify and limit the variables 19c in cover-cropped soil.
Community FAME profiles were analyzed by PCA included in the canonical functions, a stepwise selection procedure was conducted to identify FAMEs that best one sampling date at a time to remove sampling date effects, and the analyses resulted in the separation of discriminated among aggregate size classes. These FAMEs were then used as variables for canonical discriminant communities according to cover-crop treatment rather than aggregate size (plots not shown). To assess if comanalysis of soil aggregates. The data set for the stepwise selection procedure and CDA consisted of soil from all munity structure was affected by aggregate size within a treatment, aggregate FAME data from fallow soils aggregate sizes of both cover crop treatments for all sampling dates. The stepwise selection procedure identiwere analyzed separately from FAME data of covercropped soils for each sampling date (plots not shown).
fied 12 FAMEs (listed in Table 3 ) whose concentrations varied among aggregate size classes. The discriminant For either treatment, no clear pattern was observed in community FAME profiles based on aggregate size procedure identified two significant canonical functions that classified communities according to aggregate size class, and variability among plot replicates was often as great as the variability among aggregate size classes.
class in a two-dimensional space (Fig. 3) . The first function discriminated communities across a gradient of agBecause PCA revealed small effects of aggregate size Fig. 4 . Biolog and 18:26c) increased significantly as aggregate size substrate utilization potentials changed over time, and increased, whereas three FAMEs were present in signifthere also were differences between winter-fallow and icantly greater amounts in the smallest aggregate size cover-cropped soil in August (Fig. 4A) . Community Bifraction (14:0, 16:0, and 16:17c/i15:0 2OH). Signifolog patterns in March were separated from those in icantly less 18:0 was extracted from intermediate ag-
July and August on PC 2 of Fig. 4A ; most of the Biolog substrates with negative eigenvector loadings (ϽϪ0.10) gregate size classes, particularly the 0.5-to 1.0-mm size on PC 2 were amino acids (aspartic acid, glutamic acid, procedure identified 17 Biolog substrates which were proline, and pyroglutamic acid). In general, community used in the discriminant analysis. There were four signifseparations on PC 1 were associated with enhanced icant canonical functions that explained a total of 92% substrate utilization rates in soil of March 1998 and in of the data set variance; the first two canonical functions cover-cropped soil of August 1998, particularly for the were not able to classify community Biolog patterns carbohydrates N-acetyl-glucosamine, fructose, galacinto discreet aggregate size classes, with the 1.0-to 2.0-tose, mannitol, mannose, and methyl pyruvate (Ͼ0.20 and Ͻ0.10-mm aggregates clustering together in twoeigenvector loadings). As with the community FAME dimensional space (plot not shown). data, there were no obvious trends discernable by PCA in substrate utilization potentials associated with aggre-
Correlations among Aggregate Properties
gate size class (Fig. 4B) . Community Biolog patterns Correlations among aggregate size median, soil propalso could not be distinguished among aggregate size erties, microbial activities, and community positions along classes when PCA was performed one sampling date at PCA and CDA plots are shown in Table 4 . Microbial a time or when fallow soil was analyzed separately from biomass C and N mineralization potential were posicover-cropped soil (plots not shown).
tively correlated with TOC and TKN (P Ͻ 0.0001). Canonical discriminant analysis was performed on the Microbial respiration also was correlated with TKN (r ϭ Biolog data from all aggregates to determine if commu-0.21, P Ͻ 0.01). Although TOC and TKN were not correnity substrate utilization patterns could be classified according to aggregate size class. The stepwise selection lated with aggregate size, aggregate size was correlated * Indicates significance at P Ͻ 0.05. ** Indicates significance at P Ͻ 0.01. *** Indicates significance at P Ͻ 0.001. † Agg Size, aggregate size was arbitrarily chosen as the midpoint within each aggregate size range (e.g., 1 to 2 mm was 1.5); TOC, total organic C; TKN, total Kjeldahl N; MB C , microbial biomass C; Resp, microbial respiration; N min; N mineralization; FAME PC 1 and FAME PC 2, soil community positions on Principal Components 1 and 2 of FAME PCA plot (Fig. 2) ; FAME Can 1 and FAME Can 2, soil community positions on Axes 1 and 2 of FAME canonical discriminant analysis plot (Fig. 3) ; Blog PC 1 and Blog PC 2, soil community positions on Principal Components 1 and 2 of Biolog PCA plot (Fig. 4) .
with microbial respiration (r ϭ Ϫ0.21, P Ͻ 0.01) and N size fraction in June 1996 in fallow and cover-cropped soil; values were equally high in fractions Ͻ0.25 mm mineralization potential r ϭ Ϫ0.27, P Ͻ 0.01). Positions of community FAME structure on PC 1 and 2 were in soil that had been cover-cropped with triticale. In September 1996, MB C was greater in aggregates Ͼ0.5 correlated with several properties. Positions on PC 1 were most strongly correlated with aggregate size (r ϭ mm compared with smaller aggregates. Values for MB C and respiration in our study are comparable to values 0.23, P Ͻ 0.01), microbial respiration (r ϭ Ϫ0.39, P Ͻ 0.0001), and N mineralization potential (r ϭ Ϫ0.25, P Ͻ determined for Willamette Valley soils by other researchers. Ndiaye et al. (2000) reported MB C values of 0.01). Positions on PC 2, which separated community FAME structure according to cover cropping practice, whole soil in the range of 125 to 400 mg C kg Ϫ1 soil at the Vegetable Research Station during the same samwere significantly correlated with TOC, TKN, MB C , respiration, and N mineralization potential. For the CDA pling year (1998). At the North Willamette Research and Extension Center, MB C ranged from 86 to 262 mg of community FAME profiles, community positions on Canonical Function 1 were most strongly correlated C kg Ϫ1 soil among dry-sieved aggregates in 1995 and 1996, and values for microbial respiration in aggregates with aggregate size r ϭ Ϫ0.59, P Ͻ 0.0001), whereas community positions on Canonical Function 2, with sepranged from 20 to 90 mg C kg Ϫ1 soil (Mendes et al., 1999) . Distribution patterns of MB C and microbial activity arated intermediate aggregates from the largest and smallest size classes, were correlated with MBC, respiraamong soil aggregates changed over time. For example, in March 1998, MB C and N mineralization potential tion, and N mineralization (P Ͻ 0.0001). Correlations among aggregate properties and Biolog substrate utiliwere greatest in intermediate size aggregates (0.25-0.5 and 0.5-1.0 mm), but in July and August, levels in fraczation patterns were fewer than with community FAME profiles. Positions of community Biolog substrate utilitions Ͻ0.1 mm were as great, if not greater, than in the intermediate aggregates. Differences over time may be zation patterns on PC 1 of Fig. 3 were not correlated due to seasonal changes in nutrient supply associated with aggregate size, TOC, or TKN, but were positively with different sizes of aggregates. In this study, the highassociated with MBC, respiration, and N mineralization est concentration of TKN was observed in the Ͻ0.1-potential (P Ͻ 0.0001).
mm aggregate size fraction July 1998; an increase in TKN content in this size fraction may have contributed
DISCUSSION
to greater microbial biomass and activity at this samIn this study, MB C , respiration, and N mineralization pling date. This is consistent with results from Miller potential were heterogeneously distributed among soil and Dick (1995) , who also detected greater MB C in aggregates. Values for these parameters were particuaggregates with greater total N content. It also is possilarly high in aggregates 0.25 to 1.0 mm in diameter, ble that differences among sampling dates were due to although values were as great or greater in fractions spatial or random variation. Because this study did not Ͻ0.1 mm depending on the sampling date and cover include a second vegetation period, it is difficult to concropping practice. Mendes et al. (1999) also found MB C clude if the trends presented here were strictly seasonal. and respiration to vary among dry-sieved aggregates However, certain patterns are similar to those reported from a different Willamette Valley soil. In their study, in other studies. Ndiaye et al. (2000) consistently found the size fraction associated with greatest MB C and respigreater MB C and enzyme activities in Oregon winterration changed with sampling date and whether the soil fallow soils in spring compared with summer and harwas winter cover-cropped or not. For example, MB C and vest sampling dates (1997 and 1998 growing seasons); in our study, MB C , respiration, and N mineralization respiration were greatest in the 0.5-to 1.0-mm aggregate were greater in fallow aggregates and whole soils in appear to have a strong influence on microbial community FAME structure or substrate utilization potential. March 1998 compared with July and August 1998. In addition, changes in community FAME profiles over When analyzed by PCA, microbial community substrate utilization potential was not strongly affected by aggretime were similar to seasonal trends observed in another study, where whole soils collected in March 1998 from gate size, and four canonical functions were necessary to discriminate Biolog patterns according to aggregate the same research station were enriched in 18:36c but depleted in i15:0, i17:0 a17:0, and 10Me16:0 compared size. Similar results were found by Lupwayi et al. (2001) , who found no effects of aggregate size on the diversity with summer and fall sampling dates (Schutter and Dick, 2002) .
of Biolog substrates utilized by microbial communities. Differences in Biolog substrate utilization potential Although microaggregates (Ͻ0.25 mm) may offer protection from predators, the habitats provided by mihave been reported, however. Winding (1994) found distinct patterns between micro-(Ͻ0.002 mm) and maccroaggregates generally have been described as harsh, containing low levels of biologically recalcitrant organic roaggregate (Ͼ0.25 mm) size fractions from a sandy loam soil agricultural soil. Specifically, the well absorbance matter with turnover rates of hundreds of years (Elliott, 1986; Angers and Giroux, 1996; Jastrow et al., 1996;  values were higher in plates inoculated with microaggregate suspensions compared with macroaggregate sus- . A harsh environment with poor substrate quality may explain why microbial biomass pensions. These patterns could partly be explained by the method employed by Winding (1994) , who used different and activity can be lower in microaggregates compared with macroaggregates (Elliott, 1986 ; Gupta and Gerdilution factors for different sizes of aggregates. In this study, sampling date and winter-cover cropping mida, 1988). However, several studies that report such trends employed wet-sieving techniques to separate were more important determinants of community structure than aggregate size when the community FAME soils into aggregate fractions (Elliot, 1986; Beauchamp and Seech, 1990; Franzluebbers and Arshad, 1997) . In data set was analyzed by PCA. Additional statistical analyses were necessary to identify a subset of commuother studies, high microbial biomass levels and activities have been observed in microaggregates when soils nity FAMEs that did vary among aggregate size fractions. For example, relative amounts of 16:1 2OH, were dry sieved to separate aggregate size classes (Seech and Beauchamp, 1988: Mendes and Bottomley,1998;  10Me16:0, and 19:0 cy increased with increasing aggregate size, and the Ͻ0.1 mm fraction was enriched in 14:0, Mendes et al., 1999) . Seech and Beauchamp (1988) suggested that low levels of activity were found in wet-16:0, and 16:17c/i15:0 2OH but depleted in 18:26c. Several of these FAMEs are reported to be markers for sieved microaggregates because water-soluble C may have been removed from microaggregates during the specific groups of microorganisms. 10Me16:0 has been described as a biomarker for sulfate-reducing bacteria, wet-sieving process. In a later study, they found that microbial denitrification activity decreased as the dryspecifically Desulfobacter, and 19:0 cy is one marker for Gram-negative bacteria (Ringelberg et al., 1997; Petsieved aggregate size increased but that the rate increased as the wet-sieved aggregate size increased. In ersen et al. 1997). The FAME 18:26c is found in diverse organisms, including plants, fungi, and cyanobacteria both cases, however, denitrification activity was correlated with mineralizable C, and presumably thus labile (Harwood and Russell, 1984; Vestal and White, 1989) . This FAME often is used as a biomarker for fungi (Fros-C substrate (Beauchamp and Seech, 1990) . Although labile C was not measured in our study, high respiration tegrd et al. Ringelberg et al., 1997; Petersen et al., 1997) because its concentration has been correlated and TKN levels in the smallest aggregates are indicative of the presence of labile substrates in microaggregates with ergosterol, a fungal-specific membrane component, (Frostegrd and Bth, 1996) . In our study, 18:26c was during the July sampling period.
Greater biomass in microaggregates also has been depleted in the Ͻ0.1-mm fraction, suggesting that amounts of fungal hyphae, relative to other community attributed to absorption of bacterial cells to clays in microaggregate size fraction (Van Gestel et al., 1996) , components, were greater in larger aggregates. This is in agreement with studies that have found fungi to be but this seems unlikely in our study as clay content did not differ significantly between aggregate size classes.
an important stabilizing agent in soil aggregates (Tisdall and Oades, 1982) , especially when one considers that It also is possible that the porosity and texture of microaggregates may protect microorganisms from dessication, the Ͻ0.1-mm-size fraction may partly consists of soil particles freed from unstable aggregates. In a separate but such protection did not occur in several studies (Van Gestel et al., 1991; West et al., 1992) . Alternatively, study, Petersen et al. (1997) found very few differences in fatty acid profiles among wet-sieved aggregates from it is possible that in our study, some of the Ͻ0.1-mm microaggregates were loosely held to the surfaces of conventionally and organically-managed soils. One exception was the increase in the relative concentration macroaggregates and disassociated from the surface during the sieving process. A substantial portion of the of 18:26c with decreasing aggregate size, which was partly attributed to the preferential growth of fungi near soil microbial biomass is thought to live on or near the aggregate surface (Oades, 1984) , which may explain the the surface of aggregates. A negative relationship between 18:26c and aggregate size does not necessarily high MB C in microaggregates Ͻ0.1 mm if they originated on macroaggregate surfaces. conflict with the positive trend observed in our study, however, because the smallest aggregate in the study Despite differences in microbial biomass and activity associated with aggregate size, aggregate size did not by Petersen et al. (1997) was only 0.25 to 0.50 mm in diameter. Overall, their findings contribute little evilow soil. In general, the impacts of winter cover crops on microbial distribution patterns can be complex. Mendence for community differentiation based on aggregate size. Some differences were found when FAMEs were des et al. (1999) found that microbial responses to cover cropping not only depends on aggregate size, but on the analyzed individually, but not when multivariate statistical procedures were performed on community data sets.
type of winter cover crop. In September 1996, microbial respiration increased in 1.0-to 2.0-mm aggregates of One possible explanation for the lack of community differentiation offered by Petersen et al. (1997) was that legume cover-cropped soil relative to fallow, but an increase in the same aggregate size fraction was not some of the fatty acid material was lost from the surface of aggregates during the wet-sieving processes. In our observed in the triticale cover-cropped soil. Distributions of Rhizobium serotypes among aggregates also study, soils were dry-sieved, and fatty acid material lost from aggregate surfaces should have been recovered were affected differently by different cover crop treatments (Mendes and Bottomley, 1998) . Such results indiin the Ͻ0.1-mm fraction. Rather, lack of community differentiation may be due to the frequent mixing of cate that soil microorganisms and their activities can be influenced in as-of-yet unpredictable ways because of soil during cultivation and tillage events. The continuous process of aggregate destruction and reformation may the complex interactions among environmental factors, substrate quality, and time that occur in aggregate miresult in an equilibrium whereby microbial communities become evenly distributed among soil aggregates (Petcrohabitats. In this study, winter cover cropping did not signifiersen et al., 1997). Another possible explanation is provided by the hierarchical model of soil aggregate struccantly affect the size distribution of soil aggregates, ture, meaning that larger aggregates are made up of which prevented a more-detailed understanding of the smaller aggregates (Tisdall and Oades, 1982) , and thus practical impacts of aggregate size shifts on microbial communities from larger aggregates are the sum of comcommunities and activities. Moreover, the majority of munities from smaller aggregates. One exception to this the soil was represented by aggregates Ͼ2.0 mm, and hierarchical model is that fungal biomass should be even though microbial biomass and activity increased in higher in larger aggregates, which is supported by Gupta microaggregates over time, much of the overall biomass and Germida (1988) and by the depletion of 18:26c in and activity was still associated with the two largest the smallest fraction of our study.
aggregate size fractions. It is possible that in this particuIn general, winter cover crops increased MB C , respiralar soil, microaggregate habitats did not contribute sigtion, and N mineralization potential in aggregates and nificantly to the overall biological activity of the whole whole soils relative to the fallow treatment, although soil. However, in other Oregon soils, a large proportion these effects usually were not observed until July or of the soil can be represented by microaggregates Ͻ0.25 August 1998, after cover crops were incorporated into mm (Mendes et al., 1999) , and microbial community or soil. In some cases, July and August levels of microbial functional changes in these microaggregates in response activity in aggregates of cover-cropped soil were equal management or time will affect significantly the overall to those observed in March 1998, whereas in the winteractivity of the whole soil. Thus, understanding the heterfallow soil, levels tended to decline from March to July. ogeneity of soil biological properties contributed by miPositive responses of MB C and activities to cover cropcrohabitats will be beneficial, particularly when the disping, as observed in this study, are indicative of a subtribution of soil aggregate sizes is altered by alternative strate limitation in whole soils and aggregates which management practices or soil degradation. was ameliorated by the addition of labile cover crop residues. Similar findings were reported by Miller and 
